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In  a  previous  report  (1)  it  was  shown  that  the  intracutaneous 
injection of tuberculo-phosphatide into tuberculous animals produced 
a  local  reaction  without  macroscopic  necrosis  which  persisted  for 
some  time.  The  reaction  more  closely  resembled  the  Koch  phe- 
nomenon (altered and accelerated reaction of a  tuberculous animal to 
reinoculation) than a  tuberculin reaction.  Therefore it was decided 
to study the cytology of this reaction and compare it with the reaction 
of tuberculous  animals  to  tuberculo-protein  (water-soluble  MA-100, 
Mulford). 
Many of the lipid components of tubercle bacilli have been studied by Sabin 
and her associates  (1-10)  with reference to the cellular  responses of animals  to 
injections of them.  The waxes (10) and the acetone-soluble fat (9) are remarkable 
cell stimulants and each plays a part in producing the cellular picture of tubercu- 
losis.  But the reactions to the phosphatide have been the subject of more exten- 
sive research because: (a) the phospholipid forms a fine suspension in water where- 
as the other lipids must be suspended in other media; (b) it induces the formation 
of tubercular tissue, particularly of epithelioid  cells, as shown by Sabin and Doan 
(2-4) and Sabin,  Doan, and Forkner (5-7); and (c) because of the specificity of 
the reaction induced by it.  That is, following the initial reaction of granulocytes, 
the only cells remarkably affected are monocytes, and the latter are so altered as 
to become typical epithelioid cells  (7,  1). 
In all of the studies  mentioned above the materials employed have been iso- 
lated from tubercle bacilli by Dr. R. J. Anderson  t whose studies were summarized 
in  1932 (11).  The first specimens  of tuberculo-phosphatide prepared by Dr. 
Anderson contained acid-fast debris and a few tubercle bacilli, to which some of 
the reaction might have been attributed.  More recently he has filtered his phos- 
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phatide  through  Chamberland porcelain filters; and  the specimens  used in  the 
present study, with one exception, failed to show even traces of acid-fast material, 
or of anything having bacillary form.  This fact is mentioned because the belief 
has been held by some (12, 13) that the capacity of the Anderson phospholipid 
to produce tubercular tissue was due to the presence of impurities, specifically of 
acid-fast bacteria. 
Boissevain (12, 13) found that a crude phosphatide containing acid-fast bacteria 
and possessing  the capacity to produce hypersensitiveness induced the formation 
of tubercular tissue,  whereas a purified preparation which failed to sensitize  also 
failed to produce tubercular tissue.  Later Boissevain (14) expressed the view 
that the principle which  causes  hypersensitiveness and tubercle formation is an 
insoluble  protein.  Shortly  afterward,  however,  it  was  indicated  (15) that  an 
insoluble  compound of soluble  protein and soluble  polysaccharide fulfilled  four 
properties  of  an  active principle  of  the  tubercle  bacillus:  tuberculin  activity, 
capacity to form precipitate in immune serum, to induce the formation of tubercu- 
lar tissue,  and to induce hypersensitiveness. 
More recently Holley (16) studied the cellular reactions in the cornea of normal 
and tuberculous guinea pigs after intracorneal injections of tuberculo-protein and 
tuberculo-phosphatide.  He found that the tuberculo-protein produced an acute 
reaction with the presence of epitheUoid ceils in the later stages; the phosphatide 
also produced  an acute  reaction with  epithelloid  cells,  and  these persisted for 
longer periods than those appearing as a response to protein.  The phosphatide 
which  Holley used was bacteria-free, having been filtered through a  Seitz disc. 
But  it  contained  0.229  per  cent  nitrogen  and  he concluded  that  the  reaction 
induced'was due to the presence of an impurity, probably tuberculo-protein firmly 
bound into the phosphatide molecule.  The protein used by Holley was the TPT 
fraction isolated from the culture medium by Dr. F. B. Seibert. 
The experiments which follow indicate that there are both quantita- 
tive  and  qualitative  differences  between  the  reaction  to  tuberculo- 
protein and that to tuberculo-phosphafide,  and that these differences 
are  accentuated  in  tuberculous  animals.  Moreover,  despite the fact 
that we have previously shown that the phosphatide does not induce 
hypersensitiveness  to  tuberculo-protein,  it  will  be  shown  that  a 
tuberculous  infection  does  alter  the  reacting  capacity  of  the animal 
to an injection of tuberculo-phosphatide. 
Materials and Methods 
Tuberculo-Protein.--The tuberculo-protein used was the water-soluble MA-100 
from human tubercle bacilli3  Prior to any other experimental procedure, each 
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tuberculous  animal was tested for hypersensitiveness  with 0.1 mg. of this protein 
intradermally.  Although there  were  quantitative  differences,  each  animal  ex- 
hibited a positive reaction. 
Tuberculo-Phospkatide.--The phospholipid  used in the first experiment  was a 
lot prepared  3 according to the method of Anderson.  The lots of phosphatide used 
in subsequent  experiments  were highly purified preparations  made by Dr. Ander- 
son to whom we are indebted for them.  The preparation used in the final experi- 
ment was a crude one made by Dr. Anderson. 
Animals.--The  animals  were  young, healthy  guinea  pigs  purchased  in  the 
open market.  They were carefully  selected  and observed  several  days for evi- 
dence of intercurrent disease before experiments were begun. 
Cultures.--The  tuberculous  animals were inoculated  subcutaneously  with 0.01 
mg. human tubercle  bacilli, strain H-37.  In the first experiment  the organisms 
were grown on Petroff's gentian violet-egg medium; in the second and third experi- 
ments on Corper's glycerolated  egg yolk medium. 
Macroscopic Examinations.--Areas of reaction in the skins of normal and tuber- 
culous animals were examined daily and measured with calipers in order to deter- 
mine quantitatively the extent of reaction. 
Cellular Studies.--At  the  desired  time  after  injection  of  either  tuberculo- 
protein or tuberculo-phosphatide  the animals were sacrificed.  At autopsy prepa- 
rations of the cellular reaction  were made for study by the  supravital  method. 
Paraffin  sections  were prepared  in  the usual  manner.  Surveys  of the visceral 
organs were made to determine  the extent of visceral tuberculosis and to discover 
any intercurrent disease. 
Reactions  to  Tuberculo-Phosphatide 
Experiment/.--In the first experiment five normal guinea pigs and five which 
had been inoculated  intradermally in the midline of the lower abdomen with 0.01 
mg. of human tubercle bacilli, strain H-37, 49 days previously, were each injected 
subcutaneously  in the right scapular  region with 40 rag. of the Mulford phospha- 
fide suspended in 2 cc. of sterile isotonic saline.  This preparation was preponder- 
antly non-acid-fast,  but  some amorphous acid-fast  material  was  present.  No 
tubercle  bacilli  were  found in  the  stained  smears.  The  macroscopic  area  of 
reaction in both normal and tuberculous  animals was measured daily; one normal 
and one tuberculous animal were sacrificed on the 1st, 3rd, 5th, 7th, and 14th days 
for cytologic studies. 
As  soon  as  24 hours after injection  there  were  marked  differences 
between the reactions in normal and tuberculous animals.  No animal 
exhibited a  reaction with necrosis, but erythema, edema, and indura- 
tion were far greater in the tuberculous than in the normal animals. 
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At 48 hours the reactions in the tuberculous animals had reached their 
maximum  size  and  three  of four  exhibited  necrosis  at  the  center of 
the  nodule.  After  the  2nd  day  the  reactions  in  the  tuberculous 
animals  decreased  gradually  in  size  but  at  the  end  of  a  week were 
still more than twice the size of those seen in the normal animals,  as 
shown in  Table I.  The  area of reaction in normal  animals reached 
its maximum size in  72  hours,  then  declined  gradually,  at  all  times 
being smaller than the reactions in tuberculous animals, and at no time 
exhibited macroscopic necrosis. 
Table I  shows  the  greater,  more accelerated,  and  more persistent 
reaction in the tuberculous animals. 
TABLE  I 
Area of Reaction to Phosphatide in Normal and Tuberculous Animals at 
Various Periods after Injection 
Time after in~ectlon 
days 
2 
3 
4 
5 
7 
Tuberculous 
Mean  area  Mean area  Number of  animals 
~. 6'm. 
16.77 
12.56 
10.17 
8.84 
7.59 
Sq. C~. 
6.89 
10.37 
7.09 
4.27 
3.66 
Normal 
Number of  animals 
Cytologic studies  made 24  hours  after the  injection  showed  a  much larger 
reaction in the tuberculous animal (measured in sections).  Supravita] prepara- 
tions revealed that the reactions were similar in type but characterized by greater 
relative reaction of polymorphonuclears in the tuberculous, and in these animals the 
granulocytes appeared damaged, showing many-lobed nuclei and vacuolated cyto- 
plasm.  In both normal and tuberculous animals the reaction was characterized 
principally by polymorphonuclears and monocytes, with small numbers of lympho- 
cytes.  Other points of difference  at this time were: active cell  division in  the 
tuberculous animal and tiny loci of hemorrhage, as seen in sections,  together with 
greater  outpouring  of  granulocytes.  Myelin-like  masses  of  free  phosphatide 
were seen in both animals, and some phosphatide could also be seen in mono- 
nuclear phagocytes. 
At 3 days the reaction in the tuberculous animal exhibited extensive necrosis, 
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tion in the skin.  Necrosis  was minimal  in the normal animal.  There was  a 
greater monocytic reaction in the tuberculous animal, and less of the phosphatide 
remained free, but the material  was the more easily identified  in the cells of the 
normal animal  because  they were better  preserved.  The phosphatide could be 
recognized in stimulated  monocytes or first stage epithelioid cells (1) by the intra- 
cellular location of the myelln-like figures.  In the tuberculous  animal  there was 
evidence also of a fresh outpouring of granular leucocytes, but not in the normal 
animal.  In the latter there were rather few granulocytes  but many monocytes 
and early epithelioid  cells, with many of the latter in division.  Both animals 
exhibited evidence of degenerative  change in the carnosus muscle. 
By the 5th day the granulocytes had almost entirely disappeared  in the normal 
animal and the reaction was characterized  almost wholly by monocytes and first 
and second stage epithelioid  cells; a few of the latter were found in the regional 
lymph node.  In the region adjacent to the camosus were many fibroblasts and a 
small focus of necrosis.  In the tuberculous  animal there were still a considerable 
amount  of  necrosis  and  numerous  polymorphonuclears.  Monocytes and  epi- 
thelioid cells were also numerous but their nuclei often appeared to be pyknotic. 
The regional lymph nodes in both animals showed stimulated monocytes and an 
occasional eosinophile.  In the tuberculous  animal  the skin had ulcerated,  there 
was much edema in the area of reaction,  there was still some hemorrhage  in  the 
skin, and the whole reaction was much greater than in the normal animal. 
Mter 7 days the reaction in the normal animal was characterized principally by 
epithelioid cells of the first and second stage (large or medium sized vacuoles) and 
monocytes,  with  sparsely  scattered  neutrophiles  and eosinophlles.  There were 
sheets  of fibroblasts  adjacent to the damaged,  regenerating  carnosus.  Necrosis 
was minimal.  The larger reaction in the  tuberculous  animal  showed that the 
epithelioid  cells had  proceeded  farther  toward  dispersion  of  the  phosphatide: 
some  had proceeded  to  the  third  or fine vacuole  stage.  The animal  showed 
necrosis still, greater numbers of neutrophiles  than the normal, more degenerative 
change  in  the carnosus,  and greater numbers  of fibroblasts.  A  few Langhans 
giant cells were seen in the reaction of the tuberculous  animal.  Small numbers of 
lymphocytes were present in the reaction  in both animals. 
In the normal animal  studied  14 days after injection  of the tuberculo-phos- 
phatide the reaction  was almost wholly of epithelioid  cells.  These  were of the 
second and third stages.  There were a few Langhans giant cells, a few lympho- 
cytes, and very occasional eosinophiles.  In the larger reaction  in the tuberculous 
animal  the epithelioid  cells were principally  of  the third stage; there  were large 
numbers of giant cells, numerous  neutrophiles,  and small foci of caseous necrosis. 
In summary of these results it may be stated that the reaction to 
the phosphatide was in general similar in the normal and tuberculous 
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rapidly  evolving in  the  tuberculous,  and  also  was  characterized  by 
more intense and persistent reaction of polymorphonuclears, by more 
necrosis,  and  by hemorrhage. 
Comparison  of  Reactions  to  Tuberculo-Phosphatide  with  Reactions  to 
Tuberculo-Protein 
Experiment 2.--In this experiment six normal guinea pigs and six which had 
been inoculated  subcutaneously 2  months  previously with  0.01 mg. of human 
tubercle bacilli,  strain  tt-37,  were each injected  subcutaneously over the right 
scapula with 40 mg. of Dr. Anderson's purified phosphatide suspended in 2 ce. 
sterile physiological saline.  This preparation of phosphatide had been filtered 
TABLE  II 
Area of Reaction to Phosphatide in Normal and Tuberculous Animals at Various 
Periods after Injection 
Tuberculous  Normal 
Time after 
injection  Number of 
Mean area  animals 
days 
i 
2 
4 
5 
6 
8 
12 
18 
Number of 
Mean area  animals 
sq. cttt. 
18.14  6 
21.0  6 
22.49  6 
15.41  5 
12.52  5 
7.68  4 
6.24  3 
6.83  2 
Sg. ~m. 
Not measurable 
3.74 
7.46 
2.49 
2.29 
0.79 
0.25 
Not visible 
through Chamberiand candles by Dr. Anderson,  and stained smears of the mate- 
rial revealed neither tubercle bacilli nor bacillary debris.  One tuberculous animal 
succumbed on the 7th day after the injection and one normal animal died after 
16  days  from extraneous  cause.  Of  the  remaining  ten,  one  normal  and  one 
tuberculous animal were sacrificed for study on the 4th, 8th, 12th, 18th, and 22nd 
days after injection of the phospholipid. 
In addition to the above, five normal and five tuberculous animals each received 
1 nag. tuberculo-protein MA-100  in 2  cc.  saline subcutaneously over the  right 
scapula; and one of each was sacrificed  for study on the 1st,  2nd,  4th, 5th, and 
5th days after the injection. 
In each of these four groups of animals daily measurements  were 
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in sq. cm. of the reactions of normal and tuberculous animals to the 
tuberculo-phosphatide and  Table III shows the area of reactions to 
the tuberculo-protein.  From  Table II it may be seen that the re- 
action  to  the  tuberculo-phosphatide  was  accelerated  and  quanti- 
tatively much greater in the tuberculous  animals,  as well as being 
more persistent.  In  these  the  reactions were near-maximal in  24 
hours, showed beginning regression  on the 5th day, but were still of 
considerable size after 18 days.  In the normal animals the reactions 
were not measurable at 24 hours but were at 48 hours, reached a max- 
imum in 4 days, and were not visible  at 18 days. 
In  contrast  to  these results were those  obtained in  the  animals 
receiving  the  tuberculo-protein.  Suffice  it  to  say  of  the  normal 
TABLE  HI 
Area of Reaction to Tuberculo-Protein.MA-lO0 in Normal and Tuberculous Animals 
at Various Periods after Injection 
Tuberculous  Normal 
Time after injection 
Mean ares  Number of snima~  Mean area  : Number of ln!m~ls 
1 
2 
4 
5 
6 
12.37 
11.86 
19.62 
9.08 
10.88 
.~. 6"m° 
0 
0 
0 
0 
0 
5 
4 
3 
2 
1 
animals that  there was no palpable or measurable reaction  to  the 
tuberculo-protein at any time.  In the tuberculous animals, however, 
the reactions were well developed at 24 hours, of approximately the 
same size at 48 hours, slightly larger at 4 days but smaller on the 5th 
and 6th days.  Two of the five  tuberculous animals exhibited 4+ 
reactions (necrotic centers).  Thus, while the doses of the phosphatide 
and protein given produced reactions of comparable and almost equal 
maximum size in the tuberculous animals, and the same dose of phos- 
pholipid produced a smaller but definite reaction in normal animals, 
the dose of protein given produced no palpable or macroscopicaUy 
measurable reaction in the normal animals. 
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animals to  the phosphatide 4  days after the injections showed  the 
greater  quantitative reaction  in  the  tuberculous animal.  In  both 
there were numerous neutrophiles, though these were most prominent 
in  the tuberculous animal.  Monocytes and epithelioid cells of the 
first stage  (with large vacuoles--sometimes identified as containing 
the lipid) were very numerous in both animals.  As in the previous 
experiment, there was evidence of degenerative change in the carnosus, 
and fibroblastic proliferation adjacent thereto.  In the normal animal 
there were  clumps of epithelioid cells in  the  regional lymph node, 
and monocytes in the peripheral sinuses; but this condition was not 
seen in the tuberculous animal. 
At 8 days the cellular reaction in the tuberculous animal was much 
larger than in the normal, showed more giant cells, more neutrophiles, 
and more necrosis.  In both animals the predominating cells were 
second and third stage epithelioid cells (with medium sized and fine 
vacuoles).  Again a moderate reaction of epithelioid cells was found 
in the regional node of the normal but not of the tuberculous animal. 
Twelve days  after the injections there remained a  great  deal of 
necrosis in the reaction of the tuberculous animal with degenerative 
changes in the carnosus muscle and in nerves running through the 
section, with infiltration of the latter by neutrophiles.  There were 
also a few giant cells and small foci of hemorrhage.  In the normal 
animal the reaction was much smaller,  showed no hemorrhage, no 
necrosis, and very few neutrophiles.  In both animals the epithelioid 
cells were predominantly of the third stage.  Again epithelioid cells 
were found in the draining node of the normal animal.  The corre- 
sponding node in the tuberculous animal showed extensive involve- 
ment with the disease, so that it was not possible to ascertain if there 
was reaction to the phosphatide in it. 
After 18 days the reaction to phosphatide in the tuberculous animal 
showed no necrosis, but still a large number of third stage epithelioid 
cells, numerous giant cells, monocytes, fibroblasts, and a few eosino- 
philes.  There was a  reaction in the regional lymph node  also but 
this may have been due to the disease.  In the normal animal the 
only residuum was a few clumps of third stage epithelioid cells. 
Twenty-two days after the injections both normal and tuberculous 
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of regeneration and adjacent fibroblastic proliferation.  In the tuber- 
culous animal there were numerous foreign body giant cells in such 
areas.  The only other residual reaction to  the phosphatide in  the 
normal animal was the presence of a few lymphocytes and moderate 
numbers of epithelioid cells.  The latter  exhibited pyknotic nuclei 
and foamy cytoplasm.  But there were  still large numbers of epi- 
thelioid cells in the reaction of the tuberculous animal, numerous  Lang- 
hans giant cells, lymphocytes, and moderate numbers of eosinophiles. 
Thus again the reaction to phosphatide in normal and tuberculous 
animals was qualitatively similar, but it differed in being more ex- 
tensive in the tuberculous animal and characterized by more necrosis 
and by hemorrhage.  Also  at  the time the final observations were 
made, 22 days, the reaction in normal animals had largely regressed, 
while that in the tuberculous persisted. 
The cellular reaction in the normal animal 24 hours after the injec- 
tion  of  tuberculo-protein was  moderate  and  was  characterized  by 
monocytes and neutrophiles in about equal numbers, with a few eosino- 
philes.  There were moderate microscopic edema and a little hemor- 
rhage.  The reaction in the tuberculous animal was far more extensive, 
with a  great deal of edema and hemorrhage, and greater numbers 
of neutrophiles.  Many of the latter were degenerating or dead,  as 
determined by vacuolization and nuclear staining in supravital films 
or by nuclear changes in fixed sections. 
At 48 hours, in the tuberculous animal the reaction to the tuberculo- 
protein showed marked edema with spreading apart of the fibers of 
the carnosus and considerable extravasation of red blood cells.  The 
cells in the extensive reaction were predominantly neutrophiles with 
smaller numbers of monocytes and eosinophiles.  The regional lymph 
node showed many monocytes, neutrophiles, eosinophiles, and a  few 
myelocytes in the sinuses.  In contrast to this, the cellular reaction in 
the normal animal at this time was much less extensive and the mono- 
cytes predominated over the neutrophiles.  There was no hemorrhage 
and little evidence of edema.  Here also there were evidences of the 
reaction in the regional lymph node. 
After 4  days the only reaction to  be  seen in  the normal animal 
was an occasional small clump of monocytes.  But in the tuberculous 
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extensive microscopic necrosis.  The edema was less marked but the 
reaction of neutrophiles and monocytes persisted and there  was  an 
occasional cell  resembling an  epithelioid cell.  There  was  evidence 
of degenerative change in the carnosus and a few foreign body giant 
ceils, probably engaged in digestion of the degenerated muscle fibers. 
In the normal animal injected with tuberculo-protein and sacrificed 
on the 5th day, the only reaction to be seen was an occasional small 
clump of monocytes and a few foreign body giant cells.  In the tuber- 
culous animal there was rather marked fibroblastic proliferation just 
beneath the carnosus and in the same zone rather numerous foreign 
body giant cells.  Superficial to the carnosus were a few neutrophiles, 
lymphocytes, and phagocytic macrophages, with many  monocytes. 
No  epithelioid  cells  were  seen.  The  regional lymph node  of  this 
animal showed many neutrophiles in the peripheral sinus. 
The tuberculous animal sacrificed on the 6th day showed a similar 
but still more marked reaction.  There were necrosis and hemorrhage, 
but there were many neutrophiles, monocytes, a few foreign body giant 
ceils,  and an  occasional unequivocal epithelioid cell.  The  carnosus 
and cutaneous nerves showed degenerative change and neutrophilic 
infiltrations.  The fact that the reaction was more pronounced than 
at  5  days  is  probably  attributable  to  individual  variation.  The 
normal animal sacrificed on the 6th day showed no reaction to the 
protein. 
These  results  showed that  the  tuberculo-protein produced a  re- 
action, albeit microscopic, in the skin of a normal animal, characterized 
first by neutrophiles, later by monocytes; and the whole regressed in 
about 4 days.  Evidence of toxic action on muscle and nerves of the 
skin was slight.  But in tuberculous animals the reaction was greatly 
intensified and  was  accompanied by  edema,  hemorrhage,  necrosis, 
and degenerative changes in muscle and nerve.  Moreover, in the late 
reaction in the tuberculous animal there were numerous giant cells 
and occasional epithelioid cells.  One  could not be certain whether 
these had  arisen in situ  or migrated out from a  tuberculous focus 
elsewhere in the body. 
Intradermal  Reactions  to  Tuberculo-Phosphatides  Differing  in Purity 
Experiment 3.--Two preparations  of  tuberculo-phosphatide  prepared  for us 
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was prepared in the usual manner and purified by filtration of the ethereal solu- 
tion of lipid through a  Chamberland filter.  The second preparation,  designated 
AsB was prepared from the first, "by dispersing in water, alcohol and ether;... 
this solution was filtered  through a  new Mandler filter.  Extraction with ether 
from the filtrate failed as the phosphatide was retained strongly in the colloidal 
aqueous solution.  Magnesium sulphate, added to the solution, caused the phos- 
phatide  to  coagulate.  It  was  then  extracted  with  ether,  dried  over  Na2SO4, 
filtered, and concentrated to small volume, after which the solution was poured 
into  cold acetone.  The precipitate  was filtered  off, washed  with  acetone,  and 
dried. ''4  This preparation was a  very fine white powder, whereas the A-3 was 
slightly cream-colored, granular, and quite  hygroscopic.  Each  dispersed  nicely 
to make  an  opalescent  suspension.  Films  of each  suspension,  stained  by the 
Ziehl-Neelsen method, showed only amorphous, non-acid-fast material and noth- 
ing having the appearance of bacteria. 
These two preparations were suspended in sterile physiological saline so that 
1 cc. contained 10 rag.  Injections were made in each of six normal and six tuber- 
culous guinea pigs, the dose of each injection being 1 rag. in 0.1 cc.  Two normal 
and two tuberculous animals received the phosphatide A-3 intradermally on each 
side; two normal and two tuberculous received the phosphatide A3B on each side; 
and  two normal and two tuberculous received the phosphatide A-3 on one side 
and the AsB on the opposite side.  The areas of dermal reaction were measured 
1, 4, and 9 days after the injections.  One of each pair of animals was sacrificed 
for study 11 days following the injection, and the remainder 28 days after injection. 
This experiment was done to compare again the reactions in normal and tubercu- 
lous animals, to compare the reaction to the original phosphatide with that to the 
purified phosphatide, and to study the late cellular reaction to each. 
As in prior experiments, the maximal cutaneous reaction in most 
of the animals occurred on the 4th day after injection.  The reactions 
were much smaller than in earlier experiments, since  the dose was 
much  smaller.  But  again  the  reaction  in tuberculous animals ex- 
ceeded that in the normal.  In both normal and tuberculous animals 
the reaction to the phosphatide A-3 was slightly greater than to  the 
more highly purified A3B.  Also  in  all the tuberculous animals the 
maximal reaction was much smaller than  would be  obtained with 
the same dose, or even one-tenth this amount of the tuberculo-protein 
MA-100  used  in  the  previous  experiment.  The  maximal  reaction 
observed even in tuberculous animals was 1.3 cm. in diameter.  None 
of the reactions exhibited macroscopic necrosis. 
Since half the animals in this experiment were sacrificed 11  days 
following  injection of the phosphatide, and the  remainder 28  days 
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after the injections, much of the granulocytlc reaction was not seen. 
In the tuberculous animals sacrificed at 11 days, a few neutrophiles, 
lymphocytes, and eosinophiles were to  be  seen in  the reactions but 
the cells composing the greater part of the reaction were epithelioid 
cells and giant cells.  Fig. 3 shows the reaction in a tuberculous animal 
sacrificed at this time and, together with Fig. 4, illustrates that the 
reaction was more complex than in normal animals (Fig.  1)  in that 
there were more neutrophiles and  eosinophiles.  Fig.  2  shows  the 
presence of the diffuse reaction in the dermal connective tissue, with 
edema and some degeneration of the connective tissue fibers.  The 
compact area of reaction just  superficial to  the  carnosus in  Fig.  2 
corresponds to an area such as is shown in  Figs.  3  and 4.  The re- 
action to the phosphatide A-3 was, in both normal and tuberculous 
animals, similar to the reaction to the phosphatide A3B, but slightly 
greater.  The  reaction  to  both  preparations  in the normal animals 
was distinctly smaller than in the tuberculous animals, showed few or 
no neutrophiles and no necrosis, but was otherwise identical.  Fig.  1 
shows the reaction occurring in the skin of a normal guinea pig sac- 
rificed at this time.  By comparing with Figs.  2,  3,  and 4,  it  may 
be seen that the reaction in normal animals was less intense and less 
complex cytologically. 
In all of the animals injected intradermally with the phosphatide 
the reaction was found to be entirely superficial to the carnosus, and 
most compact and dense adjacent to it; but foci of reaction occurred 
throughout the dermis, being diffuse in the compact connective tissue, 
as shown in Fig. 2,  but sometimes appearing as nests of cells in the 
more loose superficial connective tissue just beneath the epithelium. 
Fig. 5 illustrates the latter. 
In  the animals  sacrificed 28  days after injection of phosphatide, 
the reactions to  the two lipids  were qualitatively similar but again 
quantitatively a little greater with the A-3.  And again the reactions 
to  each lipid  were  greater in  the  tuberculous  than  in  the  normal 
animals.  All the reactions in both normal and tuberculous animals 
were diminished by about 90 per cent from the 11 day reaction.  The 
necrosis and neutrophilic response were missing at  this  time,  even 
in  the diseased animals,  so that the remnants of  the reaction con- 
sisted  solely of epithelioid cells and giant cells,  both being the less 
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Capacity of the Phosphatide to Induce  Tuberculin Hypersensitiveness 
We  had  found previously  (1)  that  the  phosphatide  prepared  by 
Dr.  Anderson  did not induce  hypersensitiveness to  tuberculin;  but 
other  workers  (12,  13),  using  lipid  extracts  prepared  in  a  similar 
manner, had found that these extracts induced hypersensitiveness to 
tuberculin.  The following experiment was done to study again the 
possibility  that  the  phosphatide  of  Anderson  might  induce  hyper- 
sensitiveness to tuberculin. 
Experiment 4.--Two normal guinea pigs were injected intraperitoneally with 
8 nag. of human tubercle bacilli, strain H-37, after the organisms had been heated 
for 1 hour at 60°C.  Two guinea pigs were injected intraperitoneaUy with 0.5 rag. 
of tuberculo-phosphatide,  the amount which would be contained in the quantity 
of tubercle bacilli given to the two previous animals.  Two other normal guinea 
pigs were given 4 nag. each of the phosphatide intraperitoneaUy, a quantity eight 
times as great as that in the tubercle bacilli given to the first two animals.  These 
six animals were skin-tested intradermaUy with 0.1 mg. tuberculo-protein MA-100, 
3, 6, 12, and 15 weeks after injection.  A normal animal which had been injected 
intradermally with 2 mg. of Kieselguhr was similarly tested at the same time that 
the third and fourth tests were done.  The tests were read according to the criteria 
set forth by Hetherington, McPhedran, Landis, and Opie (17), that is: 
Any test showing  edema at 48 hours is positive 
Redness without edema  .......................................  negative 
Edema less than 1 cm. in diameter  .............................  -b 
Edema 1 to 1.5 cm. in diameter  ................................  -I--l- 
Edema 1.5 cm. or greater without necrosis  .......................  -k-+-{- 
Extensive edema  with spot of necrosis  ...........................  +-b-k-+ 
The results of the tests are shown in Table IV. 
The  mild  reactions  on  the  third  and  fourth tests in  the  animals 
receiving the phosphatide were undoubtedly due to  slight hypersen- 
sitiveness induced by the repeated test injections of tuberculo-protein. 
Especially is  this probable  in  view  of  the  positive  reaction  on  the 
second  test in the animal which received Kieselguhr.  (The MA-100 
protein  is known  to  be  capable  of  inducing hypersensitiveness  (18, 
19).)  It  seems  more  likely  that  this  is  the  explanation than that 
sensitization  due  to  the  phosphatide  finally became  manifest  after 
12 weeks, and only then in the two animals which received the smallest 
dose  of the  lipid;  but later  in  one  other  animal.  However, hyper- 
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culo-protein,  in  the  two  animals  receiving  the  amount  of  tubercle 
bacilli  corresponding  to  the  smaller dose of phosphatide.  It seemed 
probable,  therefore,  that  the  hypersensitiveness induced  by tubercle 
bacilli  was  due  to  something  not  contained  in  the  phosphatide,  or 
present in such small quantity as to be incapable alone of inducing hy- 
persensitiveness.  As a  final check, however, the following was done. 
Four normal guinea pigs were injected intradermally on the left side with 5 rag. 
of tuberculo-phosphatide in 0.12 cc. sterile saline.  The preparation of phosphatide 
TABLE  IV 
Tuberculin Tests to Determine Capacity of Pkospkatide to Induce Allergy 
to Tuberculin 
Animal 
No.* 
R 5465 
R 5466 
R5467 
R5468 
R 5469 
R 5470 
R 5471 
Injected with 
0 
0 
0 
+++ 
++ 
Not done 
0.5  mg. phosphatlde intraperi- 
toneaUy 
4.0 nag. phosphatide intraperi- 
toneally 
8 rag. killed  bacilli  intraperi- 
toneally 
2.0  rag. Kieselguhr intrader- 
maUy 
Intradermaltubercullntest 
3 weeks  5 weeks 
0  0 
0 
0 
0 
+++ 
++ 
Not done 
12 
weeks 
--- 
0 
0 
15 
weeks 
+ 
++ 
+ 
0 
W++++  + 
0  ++ 
* These are serial numbers used in various experiments over many years. 
used in this experiment contained a small amount of amorphous acid-fast material 
and a very few tubercle baciUi,--as near as could be determined, about thirteen 
bacilli per nag. of phosphatide.  Two of the guinea pigs were tested intradermally 
3 weeks later, and the others 6 weeks later with 0.1 mg. of the MA-100 tuberculo- 
protein.  The tuberculin tests in these animals were all negative.  It is therefore 
apparent that, by the methods used,  tuberculo-phosphatide preparations which 
contain no tubercle bacilli, or which contain only a very few, do not induce hyper- 
sensitiveness to tuberculin,  But preparations which are apparently bacteria-free 
do induce  characteristic  cellular responses  in  normal animals and  accentuated 
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DISCUSSION 
The  cellular  reaction  to  tuberculo-phosphafide  injected  intra- 
dermally or subcutaneously in normal animals is characterized macro- 
scopically by the development during 3 or 4 days of a firm, slightly 
erythematous nodule which does not ulcerate and gradually regresses 
completely,  leaving  no  scar.  In  tuberculous  animals  the  nodule 
appears  somewhat earlier, reaches its maximum size  sooner,  and is 
larger and more erythematous than in normal animals. 
Microscopically the  first  response  in  normal  animals  is  an  out- 
pouring of neutrophilic leucocytes, followed very quickly by infiltration 
and local proliferation of monocytes.  The latter engulf the lipid and 
in so doing become epithelioid cells.  Late in the reaction there are 
usually some lymphocytes and eosinophiles.  After 2 weeks there is 
microscopically notable evidence of gradual regression of the reaction, 
the epithelioid cells showing pyknosis and vacuolization of the pe- 
riphery of their cytoplasm.  With small doses regression is  almost 
complete in 1 month.  In tuberculous animals there is much greater 
exudation of granulocytes, there are some edema, slight hemorrhage, 
necrosis,  and  degenerative  changes  in  muscle,  nerve  sheaths,  and 
connective tissue.  But  the  cytologic evolution  of  the  reaction  is 
similar to that in normal animals, albeit accelerated and characterized 
throughout by numerous neutrophiles.  The epithelioid cells dominate 
the reaction after about 4  days, and persist longer than  in normal 
animals so that there remains a  considerable reaction at the  end of 
1 month.  Thus, in the tuberculous animal the accelerated augmented 
response is similar in many respects to the Koch phenomenon.  The 
greater response in tuberculous animals is very likely due to a modifica- 
tion of the connective tissues of the entire body; it may be non-specific 
since  Geiger  (20)  has  noted  augmented  hematologic  responses  to 
non-specific agents. 
Single injections of 0.5 rag. to 5 mg. of tuberculo-phosphatide intro- 
duced either intraperitoneaUy or intradermally fail to induce hypersen- 
sitiveness to tuberculin.  Other experiments reported by Sabin  and 
Joyner (21) show that hypersensitiveness to tuberculin is not induced 
by  repeated  intradermal  injections of  the  lipid,  the  total  amount 
being 30 rag. given in six doses of 5 rag. each. 656  TUBERCULO-PROTEI.N  AND  TUBERCULO-PHOSPHATIDE 
By  contrast  with  the  reaction  to  the  phosphatide,  the  reaction 
to  tuberculo-protein  (water-soluble  MA-100)  in  normal animals is 
not  visible  macroscopically.  Microscopically the  response  is  mod- 
erate, characterized by neutrophiles and  monocytes in  about  equal 
numbers at 24 hours, and thereafter by relatively and actually fewer 
neutrophiles.  The monocytes are not stimulated and do not become 
epithelioid cells.  The reaction regresses rapidly and leaves no visible 
residue in 6 days. 
In tuberculous animals the response to tuberculo-protein is marked 
and rapid.  It may be progressive for as long as 4 days, after which 
there is gradual regression.  Microscopically there are marked edema 
at 24 hours, small foci of hemorrhage, and intense cellular reaction 
of neutrophiles and  smaller  numbers  of  monocytes.  Many  of the 
neutrophiles show degenerative change.  This reaction persists and by 
the 4th day there is evidence of degenerative change also in connective 
tissue and muscle.  Also after 4 or 5 days there may be a  few epi- 
thelioid cells, but they are not massive in number as in the reaction 
to  the  phosphatide.  There  is  fibroblastic  proliferation,  especially 
adjacent to injured muscle, and a few foreign body giant cells may be 
seen.  The  neutrophilic leucocytes persist  throughout  the  reaction 
and dominate the cellular picture. 
Some of these results differ from those of other workers (12,  13), 
and our interpretations are also at variance with some others  (16). 
The capacity of phospholipids prepared by others to induce hyper- 
sensitiveness  to  tuberculin  is  undoubtedly due  to  the  presence  of 
tubercle bacilli in considerable quantity in these preparations.  The 
preparations used in our cellular studies were  apparently bacteria- 
free, yet yielded characteristic cellular responses.  The difference in 
results (12,  13) is in all probability due to differences in methods of 
preparing the lipid fractions. 
The interpretation made by Holley (16) that the reaction to phos- 
phatide is due to protein accompanying or bound to the lipid seems 
untenable, since the reaction to the protein in normal animals is not 
characterized at  all by  epithelioid cells,  whereas the  same dose of 
phosphatide  induces a  larger reaction characterized chiefly by  epi- 
thelioid cells.  Moreover, the slight reaction of epithelioid cells and 
foreign body giant cells occurring late in the response of tuberculous KENNETH  C. SMITHBUP,_N AND I~LORENCE ]~. SABIN  657 
animals  may be an indirect  response,  i.e.,  a  reaction  to degenerated 
cells, and necrotic tissue, since in the normal  animals, in the absence 
of necrosis and degeneration, these are not seen. 
SUM]WIRY 
Prior observations on the cellular  reactions  to  tuberculo-phosphatide 
are confirmed and compared with reactions induced by this  material 
in tuberculous animals.  In the  latter  the response is accelerated and 
augmented and simulates the Koch phenomenon. 
Tuberculo-protein  produces  no  macroscopic  reaction in normal 
animals.  The  microscopic reaction of neutrophiles and monocytes 
regresses in less than a week.  The same material  in tuberculous 
animals causes a response characterized by more or less  hemorrhage 
and necrosis,  tissue  degeneration, and infiltration  of  neutrophiles and 
monocytes.  Late in the reaction there may be a few epithelioid  cells 
and foreign body giant cells. 
Preparations  of  tuberculo-phosphatide  which  contain  no  tubercle 
bacilli,  or only a  few, induce the typical cellular response but do not 
induce hypersensitiveness to tuberculin. 
Repeated  intradermal  skin-test  injections  of  tuberculo-protein 
MA-100 in normal guinea pigs may be followed by a mild hypersensi- 
tiveness to subsequent injections. 
BIBLIOGRAPHY 
1.  Smithburn, K. C., and Sabin, F. R., 3". Exp. Meal., 1932, 56, 867. 
2.  Sabin, F. R., and Doan,  C. A., Tr. Nat.  Tuberc. Assn.,  1927, 23rd Annual 
Meeting,  237. 
3.  Sabin, F. R., and Doan, C. A., J. Exp. Med., 1927, 46, 645. 
4.  Sabin, F. R., and Doan, C. A., Proc. Na~. Acad. Sc., 1927, 13, 552. 
5.  Sabin, F. R., Doan, C. A., and Forkner, C. E., Tr. Nat. Tuberc. Assn.,  1928, 
24th Annual Meeting, 253. 
6.  Sabin, F. R., Doan, C. A., and Forkner, C. E., Tr. Nat. Tuberc. Assn., 1929, 
25th  Annual Meeting,  177. 
7.  Sabin, F. R., Doan, C. A., and Forkner, C. E., J: Exp. Med., 1930, 59., suppl. 3. 
8.  Sabin, F. R., Physiol. Rev., 1932, 12, 141. 
9.  Smithburn, K. C., and Sabin, F. R., J. Exp. Med., 1935, 61, 771. 
10.  Sabin, F. R.,  Smithburn,  K.  C., and Thomas, R. M., J. Exit. Med.,  1935, 
62,  751. 
11. Anderson, R. J., Physiol. Re'v., 1932, 19., 166. ~$8  TUBERCULO-PROTEIN  AND  TUBERCULO-PHOSPHATIDE 
12. Boissevain,  C. H., Tr. Nal. Tuberc. Assn., 1932, 28th Annual Meeting, 158. 
13.  Boissevain, C. H., and Ryder, C. T., Am. Rev. Tuberc., 1931, 24, 751. 
14.  Boissevain, C. H., Am. Rev. Tuberc., 1933, 9.7, 595. 
15.  Boissevain,  C. H., Annual Report of Colorado Foundation for Research  in 
Tuberculosis, 1933. 
16.  Holley, S. W., Am. J. Path.,  1935, 11, 937. 
17.  Hetherington, H. W., McPhedran, F. M., Landis, H. R. M., and Opie, E. L., 
Am. Rev. Tuberc., 1929, 20~ 421. 
18.  Seibert, F. B., J. Infect. Dis., 1932, 51, 383. 
19.  Smithburn, K. C., Sabin,  F. R., and Geiger, ft. T., Am. Rev. Tuberc., 1934, 
29~  562. 
20.  Gelger, J. T., Am. Rev. Tuberc., 1931, ~.,~ 76. 
21.  Sabin, F. R., and Joyner, A. L.,J. Exp. Med.,  1938, 68, 659. 
EXPLANATION OF PLATE 28 
FIG. I. Section of skin from a normal guinea pig (R 5475), sacrificed 11 days 
following the intradermal injection of  1 rag.  of purified tuberculo-phosphatide 
A3B.  The reaction consists almost wholly of epitheloid cells and monocytes lying 
superficial  to  the  carnosus,  in the  dermis.  Dr.  N.  C.  Foot's modification  of 
Masson  trichrome stain.  X  150. 
FIc. 2.  Section of skin from a tuberculous guinea pig (R 5391), sacrificed  11 
days following the intradermal injection of 1 nag. of tuberculo-phosphatide A-3. 
Diffuse  cellular  reaction in  cutaneous  connective tissue,  where  there are  also 
degenerative changes in the fibers, and edema.  Intense cellular reaction of epi- 
theUoid cells, monocytes, neutrophiles, and eosinophiles just superficial to the car- 
nosus.  Stain same as above.  ×  50. 
FIG. 3.  Section of skin from a tuberculous guinea pig (R 5389), sacrificed  11 
days following intradermal injection of 1 mg. of the purified tuberculo-phospha- 
tide AzB.  Photograph shows mixed character of the reaction, with giant cells, 
epithelioid cells, and neutrophfles,  the latter being more numerous than in normal 
animals.  The area enclosed by the squared lines is enlarged in Fig.  4.  Stain 
same as above.  X  150. 
FIG. 4.  Area indicated by squared lines in Fig.  3 at higher magnification,  to 
show a focus of neutrophiles and monocytes in the reaction.  X 700. 
FrG. 5.  Section of skin from tuberculous guinea pig (R 5393), sacrificed 11 days 
after the intradermal injection of 1 mg. of the purified tuberculo-phosphatide A~B. 
Photograph shows reaction of epithelloid cells lying in the loose dermal connective 
tissue,  immediately  under  the  cutaneous  epithelium.  Stain  same  as  above. 
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